Self-transcribing active regulatory region sequencing (STARR-seq) is a massively parallel reporter assay to identify transcriptional enhancers directly based on their activity in entire genomes for millions of candidates from arbitrary sources of DNA and to assess their activity quantitatively (Arnold et al., Science 2013) . Enhancer activity is directly linked to the underlying DNA sequence and measured as presence of the resulting reporter transcripts among cellular RNA by deep sequencing. This protocol describes the preparation of STARR-seq libraries for the use in human cells.
Reagents
Genome-wide library:
Use 50 µg of genomic DNA (Promega; human genomic DNA (gDNA); Cat No. G3041) → yields ~ 5 µg (10%) size-selected & purified sonicated DNA for adapter ligation.
Focused library (BAC):
Use 10-25µg BAC DNA (BAC clones can be obtained from BACPAC, Invitrogen)
In the past we have used from 10 up to 70 different BACs per library.
• Pre-culture BACs in 5 ml LB + Chloramphenicol (12.5mg/ml final conc.) individually, 
Library insert generation

Adapter ligation of sonicated BAC/genomic DNA
The following part of the protocol is based on the manual of NEBNext Ultra™ II DNA Library Prep Kit for Illumina (E7645S). Use 1 µg DNA starting material per reaction, perform 1 adapter ligation reaction for focused libraries and 5 for genome-wide libraries, use NEBNext hairpin-adapters from NEB, USER enzyme (both contained in NEBNext Multiplex Oligos for Illumina (E7335L)) and follow the manufacturer's instructions.
Cleanup of adaptor-ligated DNA library with Agencourt AMPure XP beads
Since the NEBNext Ultra II Ligation Master Mix is very viscous clean up 2x with Agencourt AMPure XP (Beckman Coulter; Cat No. A63881).
AMPure XP bead clean-up:
Note: Keep the supernatant until confirmation that the clean-up worked, keep strip on magnet at all time (except elution), pipette always onto the magnet opposing tube wall.
• Bring beads to room temperature and mix thoroughly by vortexing before use • Elute with 100 µl RNase-free H2O (place strip to 37°C in thermo cycler for 3 min)
Removal of adaptor dimers using AMPure XP beads:
Clean up the entire eluate (100 µl) from above again using AMPure XP beads. Follow the 6 protocol "AMPure XP bead clean-up" from above but add 0.8 vol. beads to 1 vol. DNA (e.g. for 100 µl DNA use 80 µl beads). Elute in a final volume of 20 µl EB. Pool all 5 cleaned-up adaptor ligation reactions for genome-wide library prior to amplification.
Amplification of adapter-ligated DNA library
Note: It is critical to use KAPA HiFi HotStart ReadyMix (2X) (Cat No. KK2601). 
PCR amplification of adapter-ligated DNA library:
Use 1 µl of adapter-ligated DNA library per PCR reaction (50 µl Note: This step increases cloning efficiency (In-FusionHD).
• Add 5 vol. PB buffer to 1 vol. PCR reaction and mix • To bind DNA, apply the sample (max 700µl) to the QIAquick column and centrifuge for 60 sec at 18,000g
• Discard flow-through and place the QIAquick column back in the same tube • To wash, add 0.75 ml PE buffer to the QIAquick column, centrifuge for 60 sec at 18,000g
• Discard flow-through and place the QIAquick column back in the same tube • Centrifuge for 2 min at max. speed to remove residual PE buffer • Place each QIAquick column in a clean 1.5 ml microcentrifuge tube • To elute DNA, add 50 µl EB (10 mM Tris·Cl, pH 8.5) to the center of the QIAquick membrane and centrifuge for 1 min at max. speed • Re-apply eluate to column and elute again, determine DNA concentration
Library Cloning
Restriction digest and purification of STARR-seq screening vector
Note: The purification steps are critical for cloning efficiency (In-Fusion HD). 
Restriction
In-Fusion HD reaction (In-Fusion® HD Cloning Kit, Clontech; Cat No.639650)
Use 2:1 molar ratio of insert ( 1250 bp [including adapters]) versus plasm id ( 3 kb). Set up 40 reactions for a genome-wide library (4 reactions can be run pooled). For a focused library set up 4 reactions in total (4 reactions can be run pooled). 
In-Fusion HD Cloning Reaction
